Abstract. The evolution of carnivory in plants is generally interpreted as an adaptation to colonize nutrient-poor environments. Because the photosynthetic costs associated with this habit are elevated, the selective advantages of carnivory should vary depending on the balance between light, moisture, and nutrient (prey) availability. Here we test whether the patterns of selection operating on the carnivorous habit of Pinguicula moranensis change among four populations located along an environmental gradient for soil nitrogen and prey availability, photosynthetically active radiation, and moisture, and whether or not these changes are in accordance with adaptive expectations. We characterized the phenotypic variation in two carnivory-related attributes (the densities of capture and digestive glands) and their relationship with the efficiency and the fitness benefit of prey capture along the environmental gradient. Finally, we compared the selective dynamics operating on the carnivorous habit along the environmental gradient by means of path analyses. Both the efficiency and the benefit of carnivory varied among populations and peaked at habitats characterized by a marked nutrient limitation and high levels of irradiance. We also found evidence of adaptive differentiation among populations. Natural selection favored the allocation to capture glands in nitrogen-poor (soil or prey derived) environments, while investment in digestive glands was more advantageous in nitrogen-rich habitats. Carnivory was subject to a heterogeneous regime of selection along the environmental gradient that was tightly associated with both abiotic factors and prey availability.
INTRODUCTION
The reversed roles played by carnivorous plants and their prey suggest that the evolution of carnivory in plants is an adaptive response to deal with the scarcity of mineral nutrients (Darwin 1875 , Thompson 1981 , Benzing 1987 . The use of prey-derived nutriments represents, however, a serious challenge for carnivorous plants. The ability to use animal tissues as a source of nutrients entails a series of costs associated with the attraction, capture, digestion, and assimilation of prey (Givnish et al. 1984) . Hence, for carnivory to be a successful resource-gathering strategy, such costs must be surmounted by the benefits derived from prey capture. Givnish et al. (1984) proposed that because there is a trade-off between the photosynthetic costs and the benefits derived from carnivory, this habit should be adaptive only in nutrient-poor habitats that are well lit and moist. Although it has been shown that some spe- cies of carnivorous plants are unable to benefit from prey capture if water or light are in short supply (Zamora et al. 1998, Alcalá and Domínguez 2003) , most carnivorous species inhabit environments that do not fulfill the conditions proposed by Givnish et al. (1984) . Benzing (2000) addressed this apparent contradiction by producing a less restrictive model that allows carnivory to occur in a variety of environmental settings.
He proposed that natural selection should favor different investments in carnivory vs. alternative nutrientacquisition mechanisms depending on a balance between light, moisture, and nutrient (prey) availability. Accordingly, the selective advantages provided by carnivory should differ among populations established in contrasting habitats. In spite of a fascination with carnivorous plants during the last century, there have been few attempts to evaluate either the adaptive value of this habit in natural conditions, or its variation among the different environmental settings inhabited by carnivorous plants. A thorough assessment of the selective pressures acting on the carnivorous habit requires the establishment of the relationship between fitness estimates and the phenotypic variation in carnivory-related attributes for plants growing under a range of environmental conditions (Ellison and Gotelli 2001) . Benzing's model (2000) provides a theoretical framework allowing us SELECTIVE ADVANTAGE OF CARNIVORY IN PLANTS PLATE 1. Capture rosette of Pinguicula moranensis in the Valsequillo, Puebla, population. Dipterans are the main prey of this species because they are easily caught by the sticky mucilage produced by the capture glands that cover the leaves. Photo credit: R. Alcalá. to produce a series of testable hypotheses regarding the adaptive value of the carnivorous habit.
Here we describe a test of the adaptive value of the carnivorous habit in four populations of Pinguicula moranensis var. neovolcanica (Lentibulariaceae) that face contrasting environmental conditions. Populations were chosen because they represent an environmental gradient of the relevant variables in terms of the Givnish et al. (1984) and Benzing (2000) models (see Alcalá and Domínguez 2003) . First, we hypothesized that because of the variation in light, moisture, and prey availability among populations, carnivory should be adaptive in some habitats but not in others (see Wade and Kalisz 1990, Dudley 1996) . Although prey capture is an important source of nutrients for carnivorous species, natural selection should not favor additional investment in carnivory traits if some other factor limits successful reproduction in a given environment (i.e., light, water). Accordingly, we analyzed the differences among populations in two functional components of carnivory (the efficiency of prey capture and the fitness benefit per capture), and evaluated whether they are related to the variation in light, moisture, and prey availability. We also assessed whether the patterns of selection on carnivory attributes vary across populations. Secondly, because natural selection should favor the investment in those attributes producing higher fitness gains in a given environment, we hypothesized that the allocation to carnivory attributes should be related with the fitness benefits derived from them across environments. Finally, given that carnivory entails a series of processes that go from the attraction to the assimilation of prey, and because fitness is expected to rely more in some processes than in others in a given environment, carnivorous species could be exposed to an ecological scenario favoring adaptive differentiation among populations (Mousseau 2000 , Schluter 2001 ). For example, a prey-poor environment is expected to favor an increased allocation to attraction and trapping devices, while prey-rich habitats would favor the allocation to digestive and assimilation structures. It is therefore possible to hypothesize that besides the constraints imposed by the physical environment on the occurrence of carnivory, natural selection should optimize the allocation to different traits for a particular environment (Mousseau 2000) . Accordingly, we explored whether the variation in carnivory attributes is consistent with an explanation based on adaptive differentiation among populations.
METHODS

Plant species
Pinguicula moranensis var. neovolcanica (Zamudio) (Lentibulariaceae; P. moranensis, hereafter) is a prostrate rosette-forming perennial herb that captures and consumes small animals as a source of mineral nutrients (see Plate 1). This species is widely distributed in the mountain ranges of central Mexico in habitats varying from xerophytic scrublands to pine-oak forests (Zamudio 1999) . During the dry season (October-April) plants of this species estivate by producing a resistance rosette composed of minute glandless leaves. Once the first rains begin (middle May), P. moranensis produces a capture rosette of six to eight sticky leaves 35-95 mm in length. Like other species in this genus, the leaves of the capture rosette possess capture (stalked) and digestive (sessile) glands on their surface (HeslopHarrison and Knox 1971, Heslop-Harrison and HeslopHarrison 1980) . The sticky mucilage secreted by capture glands retains prey that land on the surface of the leaf, and once the animals are trapped, the sessile glands digest them. The flowering season of this species occurs from June to August with a flowering peak in July. Small butterflies pollinate flowers and fertilized fruits ripen from July to September producing hundreds of small wind-dispersed seeds. An embryological study of P. moranensis showed that the differentiation of floral buds and anthesis occur in the same reproductive season (S. Espinosa, personal communication), suggesting that this species behaves as an income breeder in the sense of Thorén and Karlsson (1998) .
Study sites
Four populations of P. moranensis from Central Mexico were chosen for this study (TE ϭ Tepoztlán, LC ϭ Lázaro Cardenas, VAL ϭ Valsequillo, and MOL ϭ Molcaxac). These populations are the same used by Alcalá and Domínguez (2003) . The climate, substrate, and type of vegetation differ among the selected populations and include all the range of habitats and environmental conditions this species is exposed to in its area of distribution (Zamudio 1999) . We have shown elsewhere (Alcalá and Domínguez 2003) that both the physical environment and the availability of prey differ among these populations (Table 1) . Most of this variation was described as an environmental gradient of temperature, total nitrogen, soil humidity, and PAR (photosynthetically active radiation; see Alcalá and Domínguez for a detailed description of the environmental gradient). Temperature and PAR showed the lower values at the TE population, increased toward LC and VAL, and peaked at MOL. In contrast, total nitrogen, soil humidity, and prey availability increased toward the most shaded and humid populations (MOL Ͻ VAL Ͻ LC Ͻ TE). The site with the poorest soil and relatively high levels of PAR (MOL) was associated with the lowest availability of prey, high temperature, and the driest soil. The maximum reproductive output was attained in LC, a population characterized by intermediate values of PAR, prey abundance, and water availability (Alcalá and Domínguez 2003) .
Data collection
Allocation to carnivory-related attributes.-To quantitatively characterize the phenotypic variation in capture and digestive glands, we marked all the individuals of P. moranensis in each population (n ϭ 81 in TE, n ϭ 80 in LC, n ϭ 80 in VAL, and n ϭ 70 in MOL). In the middle of the growing season of 1994, we randomly collected a single fully-expanded leaf from each plant and five 1-mm 2 quadrants from each leaf were randomly chosen. The number of both types of glands in these quadrants was counted with a microscope (100ϫ, Olympus BH2 Research Microscope, Olympus, Melville, New York, USA). Because plant size (rosette area) is potentially involved in capture success, we also measured this variable. All plants were filmed in the field with a portable camera (Canon LP1, Canon, Tokyo, Japan), and rosette areas were estimated from the images using the MorphoSys program (Meacham and Duncan 1989) following the procedures described in Domínguez et al. (1998) .
Patterns of prey capture and bud production.-To determine the among population variation in the fitness consequences of prey capture, we estimated the amount of prey captured and the production of floral buds per plant during the growing season of 1994. We used flower buds instead of fruits because, in doing so, we had a more direct measure of the consequences of capture since we avoided the variability brought about by possible differences in pollinator activity and composition among populations. Fruit-set after hand pollination is 100% (Alcalá 2003) , thus indicating that once the floral bud is formed, fruit production is only affected by successful pollination. Moreover, floral buds are a reliable measure of fitness in this species because bud and fruit production are highly correlated (r ϭ 0.83, P Ͻ 0.0001), and no evidence of vegetative reproduction has been found (Zamudio 2001; R. Alcalá, personal observation) . We made monthly censuses in which we counted the number of floral buds and prey caught by the plants from each population. Censuses started at the beginning of the growing season (May) and finished in August when most plants were producing the resistance rosette. In each census, the number and taxonomic identity (Order, and Class in the case of Acarina) of the prey captured by each plant were recorded. Because we were interested in the consequences of prey capture on fitness, all trapped prey were left on the plants, thus precluding a direct estimation of the amount of biomass captured for each plant during the growing season. Given this situation, we used an indirect estimation that consisted of adding up overall taxa captured by a given plant, the product of the number of prey of a given taxon times its mean mass (see Alcalá and Domínguez 2003) . Although other methods produce more accurate estimations of the amount of prey capture per plant (Hó dar 1996), our procedure allowed us to manage relatively high sample sizes per population. Since most of the variation in prey mass occurs among taxa, our method was sufficiently precise to show differences in prey capture among plants and populations.
Data analyses
Capture efficiency and the benefit of carnivory.-In order to produce a thorough description of the different functional components of carnivory, we defined ''prey capture efficiency'' as the gain in biomass of prey produced by a given investment in capture glands. This variable was estimated as the slope from the regression between the milligrams of prey captured per plant and the density of capture glands. The ''benefit of carnivory,'' the fitness consequences of capturing a given amount of prey, was measured as the slope between bud production and the milligrams of prey captured per plant in a given population. The differences among populations in both the efficiency and the benefit of carnivory were evaluated by means of two independent covariance analyses. We included the density of capture glands or the amount of prey captured (for the efficiency or the benefit of carnivory analysis, respectively) and rosette area as covariates. Because our main interest was focused on the values of the slopes across populations, we included the interaction terms between population and the covariates in both analyses. The dependent variables (milligrams of prey or number of floral buds) were transformed to ln(x ϩ 1) to fulfill analyses assumptions. The effect of population was defined as random and we used a generalized linear model with Type III sums of squares for unbalanced designs (PROC GLM, SAS 1989) . In order to estimate the parameters describing the effects of the independent variables (rosette area and density of capture or digestive glands) on prey capture or bud production across populations, each ANCOVA was redone including only the significant terms. Thus, ANCOVAs provided us with a statistical test evaluating the differences among populations in both the efficiency and the fitness benefit of prey capture.
Path analyses of selection.-One of the main goals of this paper was to determine the magnitude of selection acting on the carnivorous habit of P. moranensis and how these estimates change among populations. Because carnivory involves a series of sequential events (capture, digestion, assimilation) in which not all of the independent variables are directly related to fitness, we used a path analytical approach. This method allowed us to estimate the strength and sign of directional relationships for complicated causal schemes (Scheiner et al. 2000) that cannot be dealt with by Lande and Arnold (1983) selection analyses. Based on our previous observations and preliminary analyses, we produced the path structure that we judged to be the more realistic for our system (see Fig. 3 ). In this model the variation in capture glands and rosette area have a direct effect on prey capture. Bud production in turn depends on the direct effects of prey capture, digestive glands, and rosette area. The correlation between the two types of glands is represented as a two-headed arrow, since we do not know the causes of such a relationship. A direct effect of plant size on the density of glands was not included because our preliminary results showed that they vary independently. Capture glands and rosette area also have an indirect effect on bud production because both variables affect prey capture.
Partial regression coefficients were estimated independently for each population with the program Ez-PATH Version 1.0 (Steiger 1989) with the maximum likelihood option. In order to obtain standardized path coefficients we used the correlation matrix as input data in these analyses. For each run (population), we estimated the coefficient of model determination (R 2 ) that is a measure of the goodness of fit.
RESULTS
Allocation to carnivory-related attributes among populations
In accordance with our expectations, the mean density of both types of glands differed among the studied populations (F 3, 213 ϭ 20.71, P Ͻ 0.0001, and F 3, 216 ϭ 3.87, P Ͻ 0.01; for capture and digestive glands, respectively). Populations explained 22% and 5% of the variance in the density of capture and digestive glands, respectively. The mean density of capture glands per plant increased from TE, the population most rich in nitrogen (either soil or prey derived), toward those sites with relatively low available nitrogen (Fig. 1A) . The opposite trend was observed for digestive glands (Fig.  1B) . Accordingly, the mean densities of capture and digestive glands were negatively correlated among Ecology, Vol. 86, No. 10 populations (Spearman rank correlation, r s ϭ Ϫ1, P ϭ 0.001).
Rosette area also differed among populations (F 3, 220 ϭ 3.08, P Ͻ 0.03) although the amount of explained variance was low (r 2 ϭ 0.04). Relatively large plants characterized LC and VAL, while MOL was the population with the smallest plants. Individuals from TE had intermediate values of rosette area (Fig. 1C) . There was not a relationship between rosette area and the density of glands in any population.
Prey capture efficiency and the benefit of carnivory
ANCOVA explained 40% of the variance in the biomass of prey captured per plant. (F 9, 171 ϭ 13.83, P Ͻ 0.0001; see Appendix A). There were significant differences among populations in the amount of prey capture and both rosette area and the density of capture glands had a generalized positive effect on this variable. As indicated by the significance of the interaction population ϫ capture glands, there were significant differences among populations in the efficiency of prey capture. The units for the efficiency of prey capture are prey captured per unit of gland density, with prey capture expressed as milligrams of prey per square centimeter of leaf, and gland density expressed as glands per square millimeter of leaf. The highest efficiency of prey capture was observed at MOL (1.2 mg of prey·cm Ϫ2 of leaf·(gland density)
Ϫ1
), the lowest at TE (0.95 mg of prey·cm Ϫ2 of leaf·(gland density) Ϫ1 ), and LC and VAL showed intermediate values that did not differ from each other (1.01 mg of prey·cm Ϫ2 of leaf·(gland density) Ϫ1 for both populations; Fig. 2A ). Finally, as indicated by the significance of the interaction density of capture glands ϫ rosette area, capture was maximized in plants with both large rosettes and high density of capture glands (Appendix A).
The ANCOVA analyzing bud production showed that there were significant effects of population, rosette area, prey capture, and the interaction population ϫ prey capture (r 2 ϭ 0.56, F 8, 195 ϭ 33.79, P Ͻ 0.0001). Plants from the LC population had the highest mean bud production (2.6 Ϯ 0.2), followed by VAL (2.06 Ϯ 0.21), MOL (1.3 Ϯ 0.3) and TE, where almost no plant was able to reproduce (0.31 Ϯ 0.2). Prey capture had a positive effect on bud production, but the benefit of carnivory (the slope of bud production on biomass of prey) differed among populations as indicated by the significance of the interaction population ϫ prey capture (Appendix B). Bud production was independent of prey capture in TE and LC, the populations with a relatively high availability of nitrogen. In contrast, the fitness gain per unit of prey captured was maximized at VAL and MOL (Fig. 2B) , the populations with the lowest availability of nitrogen (Table 1) . Thus, the benefits of carnivory increased toward those populations with relatively low availability of nitrogen.
Path analyses of selection
Path analyses produced similar conclusions to those of ANCOVA, but allowed us to make a thorough evaluation of the relationships among the attributes responsible for the capture and digestion of prey and fitness. The four adjusted path models showed relatively high coefficients of model determination (R 2 , range from 0.47 to 0.99). As indicated by the values of the effect coefficients, rosette area was the single SELECTIVE ADVANTAGE OF CARNIVORY IN PLANTS   FIG. 2 . Adjusted models describing the relationship (A) between prey capture (expressed as milligrams of prey per square centimeter of leaf) and density of capture glands, and (B) between bud production (expressed as number of floral buds per plant) and prey capture in four populations of Pinguicula moranensis with contrasting environmental conditions. The slopes of these curves represent the efficiency and the fitness benefit of capture (A and B, respectively) across populations. Because the ANCOVA models included the effect of plant size, and we wanted to compare the slopes across populations, we used the mean value of rosette area in all calculations. See Fig. 1 for an explanation of population abbreviations. most important attribute determining bud production in all populations ( Table 2 ). The mean value of the effect coefficient of rosette area (the sum of the direct and indirect effects of rosette area on bud production) across populations was almost five times as high as those of the other attributes. It should be noted, however, that the coefficient effect of plant size on bud production is composed by the direct effect, probably associated with plant age and/or vigor, and by the effect of plant size on prey capture. Interestingly, the magnitude of the indirect effect increased from TE and LC to VAL and MOL, indicating that the dependence of bud production on prey capture increases toward the nitrogen-poor populations (Fig. 3) .
The effect coefficients of both types of glands on bud production showed a striking variation among populations ( Table 2 ). The effect coefficient of density of capture glands on bud production observed at the MOL population was 2.4 times higher than that of digestive glands, suggesting that selection on prey capture is very intense in this population. The opposite pattern was observed at TE where the effect coefficient of digestive glands on bud production showed its highest value (Table 2). Because prey capture peaked at this population and hence prey are not expected to be a limiting factor (Table 1) , the high effect coefficient of digestive glands found at TE suggests that digestion of prey is under stronger selection in prey rich habitats.
Prey capture had also a relatively strong effect on bud production. The importance of prey capture, however, varied among populations. Although TE and LC were the populations with the lowest and highest av- Note: Ellipses (···) denote the absence of a given effect.
FIG. 3.
Path analyses evaluating the effect of the variation in capture glands, digestive glands, plant size (rosette area), and prey capture on the production of floral buds of Pinguicula moranensis in four populations with contrasting environmental conditions. Arrows represent the direct effect of one variable upon another (path coefficients). Double-headed arrows indicate the correlation between two variables. The efficiency of capture is represented by the path coefficient between capture glands and prey capture, whereas the benefit of capture corresponds to the path coefficient relating prey capture and floral buds. Solid lines indicate positive effects, and dashed lines indicate negative effects; the width of the line indicates the magnitude of the effect. Populations are arranged following the environmental gradient. Temperature and photosynthetically active radiation (PAR) showed the lowest values at TE, increased toward LC and VAL, and peaked at MOL. Conversely, nitrogen, soil humidity, and prey availability increased toward the most shaded and humid populations (MOL Ͻ VAL Ͻ LC Ͻ TE). The coefficients of determination (R 2 ) of the models were 0.47 at TE, 0.974 at LC, and 0.99 at VAL and MOL. See Fig. 1 for explanation of population abbreviations. erage bud production, respectively (see Alcalá and Domínguez 2003) , they showed the lowest dependence on prey capture. This was particularly evident in TE, where the sign of the path coefficient of prey capture on bud production was negative (Fig. 3) . The highest path coefficients of prey capture on bud production were observed in MOL and VAL, the populations with the lower availability of nitrogen (Table 2) .
Overall, these results indicate that selection on capture glands is stronger toward those sites with low availability of prey. Digestive glands, in contrast, were favored in sites where prey are abundant and factors other than nitrogen may limit successful reproduction. Finally, the path model obtained at TE demonstrates that some attributes associated with the carnivorous habit may be even disadvantageous in habitats with low availability of light.
DISCUSSION
Our results supported all three adaptive hypotheses regarding the carnivorous habit of Pinguicula moranensis. We found a heterogeneous regime of selection through the different environments this species inhabit, a higher allocation to capture glands in those sites where the benefit of prey capture was at a maximum, and evidence of adaptive differentiation among populations.
Carnivory was adaptive in most of the environments inhabited by Pinguicula moranensis. Excepting the shadiest site, it was always advantageous to produce more capture glands and to capture more prey. Nonetheless, the selective advantage of the carnivorous hab-itat, expressed as the efficiency and the benefit of carnivory, showed marked differences among the various environmental settings. Both the highest efficiency and benefit of carnivory occurred in those populations where prey availability was relatively low and PAR was not a limiting resource (MOL and VAL). Conversely, populations with high availability of animal prey (TE and LC) and relatively low levels of PAR (TE) showed the lower efficiency of capture and had relatively low fitness returns per unit of prey captured. The maximum efficiency and benefit of carnivory (those of MOL) did not take place at the population with the highest average fitness (LC). Instead, maximum fitness was attained at the population with intermediate values of light, moisture, and prey availability (Alcalá and Domínguez 2003) . Thus, although we found a relatively intense selective pressure favoring prey capture, carnivory was not the main determinant of fitness among the studied populations. The selective advantages of carnivory were fully expressed in habitats characterized by a marked nutrient limitation and high levels of irradiance. In this respect, our data are in accordance with the model of Benzing (2000) predicting that the fitness benefits derived from carnivory depend on the balance between light, moisture, and prey availability.
Path analyses of selection indicated that the carnivorous habit of P. moranensis is subject to contrasting selective regimes in the different environments it inhabits. Natural selection favored increased allocation to capture glands in habitats with low availability of animal prey. Likewise, the fitness benefits derived from prey capture were also maximized in such habitats. Conversely, increased allocation to digestive glands is favored in nitrogen-rich habitats (both animal and soil derived) where the probability of capture is relatively high. Nonetheless, low levels of irradiance reduced, or even eliminated, the advantages associated with prey capture. TE, the population with the highest availability and capture of prey, and the lowest levels of irradiance (Alcalá and Domínguez 2003) , showed also the lowest average bud production. Thus, the low level of irradiance prevailing at TE seems to be the main factor determining successful reproduction, and suggests that most plants in this population were unable to pay for the photosynthetic costs associated with the carnivorous habit (Givnish et al. 1984 , Benzing 1987 , Ellison and Gotelli 2001 . TE was also the only population in which the path coefficients describing the effect of capture glands on prey capture, and that of prey capture on bud production were negative, indicating that natural selection favored plants that captured few prey. This result could be explained if the presence of prey on leaves interferes with the already low levels of incoming light prevailing at TE. The ability of some Pinguicula species to gather soil nitrogen through the root system (Adamec 1997) , suggests that the investment in capture devices could be a waste of resources in relatively nitrogen-rich habitats. Overall, these findings are in accordance with theoretical models (Givnish et al. 1984 , Benzing 2000 and empirical studies (Zamora et al. 1998 , Ellison and Gotelli 2002 , Alcalá and Domínguez 2003 showing that carnivorous plants are unable to benefit from prey capture when photosynthesis is limited by light or moisture availability.
These results also suggest that the heterogeneous regime of selection produced by the different ecological scenarios faced by P. moranensis has been strong enough to produce adaptive differentiation among populations. Such differentiation, however, could be a consequence of genetic differences among populations, or it could be the outcome of phenotypic plasticity (Schluter 2001) . Theoretically, sites with low availability of prey should favor increased allocation to attraction and trapping devices, while more resources should be invested in digestive and assimilation structures in habitats where prey capture is a frequent phenomenon. Moreover, because carnivorous plants generally occur in sites with nutrient scarcity (Lü ttge 1983 , Juniper et al. 1989 , Alcalá and Domínguez 1997 , Ellison and Gotelli 2001 , a trade-off between allocation to different carnivore structures is expected to arise. The results of this study are in accordance with these expectations since plants from prey-rich habitats produced significantly more digestive than capture glands, while the opposite was true in prey-poor environments. A negative correlation between the densities of capture and digestive glands among populations was also apparent, suggesting that these structures are costly for the plant (Knight 1992, Ellison and Gotelli 2002) . Natural selection seems to have skewed the allocation to carnivorous attributes (capture and digestive glands) toward the gland type that provides the maximum reproductive benefit under some ecological circumstances. Plants with high density of capture glands prevail in sites where the rate of prey capture was low but the fitness payoff per unit of capture was elevated (i.e., MOL). Contrastingly, the density of capture glands dropped in TE, the population with the highest rate of prey capture and the lower fitness payoff. Digestive glands, in contrast, peaked at this population, suggesting that even under low irradiance conditions there is an advantage associated with the assimilation of some of the large amount of prey trapped on leaves.
Overall, our results indicate the presence of contrasting patterns of selection among populations of carnivorous plants inhabiting different environments. These patterns support adaptive explanations and indicate that both the efficiency and the benefits of carnivory are tightly associated with the interaction between the physical environment and the availability of prey. Finally, our results suggest that the heterogeneous regime of selection has been strong enough to produce adaptive differentiation among populations and underline the labile nature of this habit. Whether such lability is a consequence of genetic differences among popu-lations, or if it is the outcome of phenotypic plasticity, is an open question worthy of further study.
